Objective: To determine clinical features, natural history, and outcome of a well-defined cohort of 25 consecutive patients with idiopathic systemic capillary leak syndrome (SCLS) evaluated at a tertiary care center. Results: Of the 34 patients whose records were reviewed, 25 fulfilled all diagnostic criteria for SCLS. The median age at diagnosis of SCLS was 44 years. Median follow-up of surviving patients was 4.9 years, and median time to diagnosis from symptom onset was 1.1 years (interquartile range, 0.5-4.1 years). Flulike illness or myalgia was reported by 14 patients (56%) at onset of an acute attack of SCLS, and rhabdomyolysis developed in 9 patients (36%). Patients with a greater decrease in albumin level had a higher likelihood of developing rhabdomyolysis (p=.03). Monoclonal gammopathy, predominantly of the IgG-κ type, was found in 19 patients (76%). The progression rate to multiple myeloma was 0.7% per person-year of follow-up. The overall response rate to the different therapies was 76%, and 24% of patients sustained durable (>2 years) complete remission. The estimated 5-year overall survival rate was 76% (95% confidence interval, 59%-97%).
Idiopathic Systemic Capillary Leak Syndrome (Clarkson's Disease):
The Mayo Clinic Experience Results: Of the 34 patients whose records were reviewed, 25 fulfilled all diagnostic criteria for SCLS. The median age at diagnosis of SCLS was 44 years. Median follow-up of surviving patients was 4.9 years, and median time to diagnosis from symptom onset was 1.1 years (interquartile range, 0.5-4.1 years). Flulike illness or myalgia was reported by 14 patients (56%) at onset of an acute attack of SCLS, and rhabdomyolysis developed in 9 patients (36%).
Patients with a greater decrease in albumin level had a higher likelihood of developing rhabdomyolysis (p=.03). Monoclonal gammopathy, predominantly of the IgG-κ type, was found in 19 patients (76%). The progression rate to multiple myeloma was 0.7% per person-year of follow-up. The overall response rate to the different therapies was 76%, and 24% of patients sustained durable (>2 years) complete remission. The estimated 5-year overall survival rate was 76% (95% confidence interval, 59%-97%).
cOnclusiOn: Systemic capillary leak syndrome, a rare disease that occurs in those of middle age, is usually diagnosed after a considerable delay from onset of symptoms. The degree of albumin decrement during an attack correlates with development of rhabdomyolysis. A reduction in the frequency and/or the severity of attacks was seen in nearly three-fourths of patients who were offered empirical therapies. The rate of progression to multiple myeloma appears to be comparable to that of monoclonal gammopathy of undetermined significance.
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I diopathic systemic capillary leak syndrome (SCLS), also known as Clarkson's disease and spontaneous periodic edema, is a potentially fatal disorder characterized by stereotypic "attacks"of varying intensity of hypovolemic shock and generalized edema in association with hemoconcentration (as detected by an elevated hematocrit concentration) and hypoalbuminemia, typically occurring in the absence of albuminuria. 1 Presence of serum M protein, a notable hallmark, is the only pertinent laboratory abnormality during the quiescent phase between the attacks. 2 Although the exact incidence of this disease is unknown, a relative surge in the reported cases was noted during the past 15 years, possibly as a result of increased awareness and successful identification of patients presenting with a plethora of complex symptoms and laboratory findings that could be unified by a common diagnosis of idiopathic SCLS. 3, 4 Although the initial accounts emerged from the United States and Europe, cases were later reported from around the world, including India, Japan, and Kuwait. [5] [6] [7] [8] The goals of our study were to determine the clinical features, natural history, and outcome of a well-defined cohort of consecutive patients with SCLS and to compare our findings with those of previously reported cases and smaller retrospective studies.
The path from the first description of the cluster of symptoms in a female patient to their formal recognition as a clinical syndrome of systemic capillary leak is instructive and merits discussion. In 1960, Clarkson et al 9 described a case of a 32-year-old woman with an unremarkable family history who experienced "a strange cyclical illness in which she intermittently had a sudden massive movement of plasma from her vascular bed." The illness was characterized by recurrent episodes of edema, hypovolemic shock, hypoalbuminemia, hemoconcentration, and persistence of serum M protein. 9 This first account of SCLS was followed 2 years later by another case of a 29-year-old man with episodes of edema, weight gain, urticaria, fever, and malaise, in addition to increased serum γ-globulin levels, splenomegaly, and marked eosinophilia (50%-70%). 10 Although originally perceived to be similar to the index case, this patient lacked the characteristic hypotension and was eventually diagnosed as having episodic angioedema with eosinophilia, now known as Gleich syndrome. A year later (1963), I. Weinbren 13 suggested the term spontaneous periodic edema instead of cyclical edema for this syndrome in a 45-year-old Englishman with recurrent attacks of edema that "...developed rapidly: within hours he felt unwell, became intensely thirsty, and had an aversion to food." These attacks were comparable to those described in Clarkson's original case. Four years later in 1967, Melvin Horwith, one of the invited coauthors of the index case report, wrote yet another account of fatal hypovolemic shock of unknown etiology wherein the autopsy findings were suggestive of diffuse interstitial edema, pulmonary edema, and serous effusions.
14 During the course of the next 2 decades, only 20 more cases appeared in the medical literature. 15, 16 In 1992 and 1999, 2 small case series from our institution reported on the efficacy of terbutaline and aminophylline in treating this disorder. 17, 18 In 1997, a larger, multicenter, retrospective study by Amoura et al 19 outlined the course of SCLS and evaluated the efficacy of the available therapy in a cohort of 13 patients.
PATIENTS AND METhODS
With approval from the Mayo Clinic Institutional Review Board, records of all patients seen at Mayo Clinic in Rochester, MN, from November 1, 1981, through April 30, 2008 , with a diagnosis of SCLS, capillary hyperpermeability, Clarkson's disease, and angioedema with hypoalbuminemia were reviewed. The diagnosis of SCLS was based on unequivocal documentation of recurrent attacks of hypotension, elevated hematocrit concentrations, peripheral edema, and hypoalbuminemia without albuminuria. Monoclonal gammopathy was not considered a mandatory criterion, but its concurrent presence strengthened the diagnosis. Patients whose physical signs, symptoms, and laboratory findings could be explained by an alternative diagnosis were excluded if that alternative diagnosis was confirmed with further investigations.
Laboratory investigation reports obtained during the first prototypical "attack" and/or within 30 days of the patient encounter were included. Most patients had been managed at other medical centers; with their consent, data were retrieved from the documented records of the referring institutions. Follow-up data were obtained, and at least 2 attempts were made to contact the surviving patients by telephone. When feasible, an attempt was made to determine the cause of death. Within the constraints of a retrospective review, we endeavored to classify disease outcome in our cohort.
StatiStical analySeS
Descriptive statistics and simple scatter plots were used to analyze patient demographics, clinical features, complications, and therapeutic interventions. Overall survival (OS) was estimated by the Kaplan-Meier method and defined as the time from the date of diagnosis until death or last follow-up. Patients alive at the last recorded follow-up were censored. Wilcoxon signed rank tests were used to test for changes in laboratory parameters at the time of attack relative to baseline, and Wilcoxon rank sum tests were used to test for associations between changes in albumin and hematocrit concentration during an attack relative to baseline and development of clinical complications. All tests were 2-sided, and all analyses were carried out using SAS software, version 9.1 (SAS Institute, Cary, NC).
RESULTS
Of the 34 patients whose records were reviewed, 25 fulfilled all diagnostic criteria for SCLS. Table 1 
PreciPitating FactorS
Flulike illness or myalgias heralded a crisis in most patients, but considerable variation in the prodromata was noted ( Table 2 ). Most patients reported fatigue and profound exhaustion along with light-headedness at the onset of an attack.
Family history was mostly noncontributory. One patient with disease progression to multiple myeloma (MM) had a sibling who died of MM at the age of 44 years. In addition, a neonate of an SCLS patient died of cardiorespiratory dysfunction in the setting of profound hypotension, hemoconcentration, and leukocytosis on the 17th day of life. The postmortem findings were suggestive of SCLS. However, electron microscopy showed no widening of endothelial cell junctional gaps. During quiescent periods between attacks, findings on physical examination were essentially unremarkable, except in 2 patients with chronic SCLS who had progressive generalized edema with pleural and pericardial effusions. Residual damage as a consequence of compartment syndrome or stroke during a previous attack was noted in a few patients (Table 3) . A precipitous decline in the blood pressure was seen in all the patients in crises. The median systolic blood pressure, available for 16 patients (64%), was 72 mm Hg (IQR, 57.0-90.5 mm Hg) during an attack.
Rhabdomyolysis, diagnosed by an elevated creatine kinase level in the appropriate clinical setting, was noted in 9 patients (36%) during at least 1 attack, with 5 patients (20%) developing compartment syndrome. Most patients with compartment syndrome (60%) required fasciotomy. A Wilcoxon rank sum test comparing the distributions of albumin in those with vs those without rhabdomyolysis suggests that the greater the difference in albumin from baseline to attack, the higher the likelihood of associated rhabdomyolysis (P=.03; Figure 1 ). However, no association between rhabdomyolysis and the change in hematocrit concentration was observed (P=.73).
Two patients presented with cardiac tamponade, necessitating urgent pericardiocentesis, followed by pericardial window placement. Pulmonary edema during the recruitment phase is an iatrogenic complication of SCLS management that results from normalization of the capillary permeability during the recovery phase of the disease, in the face of ongoing vigorous fluid resuscitation. 5, 20 It developed in 10 (40%) of the patients, a few of whom required mechanical ventilation.
laboratory FindingS
All patients had well-documented elevation of hematocrit concentrations during an attack (Table 4 ). The Table 4 ). An M protein was detected by serum protein electrophoresis/ immunofixation studies in 19 patients (76%) and was of the IgG type in all but 1 patient. Nearly three-fourths of predominant light chains were of the κ subtype. The M-protein level was classically low (median, 0.6 g/dL; IQR, 0-1.1 g/dL). Urinary M component was detected in approximately a third (n=7) of the 23 patients who were tested.
Of 18 patients who underwent a bone marrow (BM) biopsy during the course of SCLS, 9 (50%) had evidence of monoclonal plasma cell (PC) proliferation. One patient had 5% to 10% atypical, clonal PCs on the BM aspirate despite undetectable serum M protein, and molecular genetic studies using IgH polymerase chain reaction primers identified IgH gene rearrangements. Another patient had eosinophilic hyperplasia in the BM without peripheral blood eosinophilia. Only 2 patients had 10% or more bone marrow PCs at follow-up.
In the 20 patients tested for complement 1 esterase (antigen and function) assays, the absence of low values in all patients ruled out hereditary angioedema, a consideration in the differential diagnosis for SCLS. 21, 22 Levels of C3 and C4 were low in 28% and 22%, respectively, of the 18 tested patients. One patient exhibited low total hemolytic complement.
Twelve patients developed acute renal failure, with a median increase in creatinine of 1 mg/dL (IQR, 0.55-3.4 mg/dL). Acute renal failure was defined as an absolute increase in creatinine of 0.3 mg/dL or a value 50% above the baseline, or a decline in urine output to less than 0.5 mL/kg/h for more than 6 hours, manifested within 48 hours of onset of symptoms. Two patients temporarily required hemodialysis.
Follow-uP
The median follow-up for living patients was 4.9 years (IQR, 3.2-8.5 years). After 17.0 years of close follow-up, progression to MM occurred in 1 patient with a baseline IgG-κ M-spike of 1.05 g/dL. This patient had a sibling who was diagnosed as having MM at the age of 44 years. The progression to MM was heralded by an abrupt increase in the M protein to 2.2 g/dL and Bence Jones proteinuria along with acute-on-chronic renal insufficiency and anemia. Fluorescence in situ hybridization identified a hyperdiploid clone of PCs. The patient died within 2 months of the progression to MM. Another patient with a 25-year history of monoclonal gammopathy of undetermined significance (MGUS) had BM biopsy findings suggestive of AL amyloidosis with BMPC of 10% to 15%. On presentation, her relapsing SCLS had evolved into a chronic form with persistent effusions requiring multiple thoracenteses and pericardiocenteses. Cardiac amyloidosis may also have been contributing to her symptoms; however, before this diagnosis could be conclusively ascertained through an endomyocardial biopsy, the patient died. An autopsy was not performed. treatment, reSPonSe, and Survival Therapeutic intervention was recorded for all 25 patients. The most common first choice for long-term prophylactic therapy was a methylxanthine (theophylline or aminophylline) in 23 patients (92%), along with the β-agonist terbutaline in 21 patients (84%). A leukotriene inhibitor was used in 10 patients (40%). These patients often showed no meaningful response or intolerance to first-line therapies.
In a 4-year-old patient, montelukast therapy markedly reduced the frequency and severity of attacks. The combination of zafirlukast and an angiotensin-converting enzyme inhibitor, lisinopril, achieved greater depth of responses in 2 patients.
Both immediate and long-term treatment of SCLS involved anti-inflammatory therapy in some patients, including the use of prednisone in 12 patients (48%) and indomethacin in 1 (4%).
Successful management of severe acute attacks included judicious use of crystalloid/colloid volume expanders and diuretic agents. Additionally, epinephrine and plasmapheresis were used in 1 patient each, with resolution of symptoms. Overall, adverse effects of therapy were For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings a .
reported by 11 patients (44%) and were predominantly sympathomimetic, related to the use of β-agonists. One patient died of infectious complications of long-term corticosteroid therapy.
We developed a novel set of criteria to bring uniformity in determination of the clinical outcome of the patients in our retrospective analyses. Mild, self-limiting episodes did not require hospitalization, whereas moderate to severe attacks necessitated in-patient observation or admission with intravenous fluid resuscitation and often required intensive care. These criteria helped to objectively assess and compare the impact of therapeutic intervention (Table 5) . Patients who achieved 100% freedom from attacks for 2 years or more were categorized as having a Mayo Clinic (MC) 100 response. Patients achieving a 50% or greater reduction in the frequency and/or severity of attacks were classified as having achieved an MC50 response.
The range of therapies for the 6 patients in the MC100 group was varied. Notably, 2 patients who remain in MC100 were in the pediatric age group at diagnosis. One adult patient remained in MC100 therapy without maintenance therapy, whereas the others have maintained durable MC100 with ongoing therapy at the time of last follow-up. Survival information was available for 24 patients who were followed up for a total of 140 person-years. Nine deaths were recorded. A steady decline in survival through the first 5 years after diagnosis followed by an apparent plateau from 6 to 12 years was noted. Progression to MM occurred in 1 patient. The rate of progression to MM per person-year of follow-up was 0.7%. Recognizing the limited follow-up of surviving patients at the time of this analysis, and the fact that this disease has a long clinical course (ie, patients are alive for a long period), we report the 1-, 5-, and 10-year estimates, along with the 95% confidence intervals (CIs). The estimated 1-year, 5-year, and 10-year OS rates were 96% (95% CI, 87%-100%), 76% (95% CI, 59%-97%), and 68% (95% CI, 49%-94%), respectively ( Figure 2 ).
diFFerential diagnoSiS
Visits to several subspecialists preceded the unequivocal establishment of a diagnosis of SCLS in this cohort. Due to overlap of myriad clinical and laboratory features with other diseases, SCLS has been considered a diagnosis of exclusion (Table 6 ). Interestingly, 12% of patients were referred for further work-up and management of misdiagnosed polycythemia vera, an important consideration in the differential diagnosis for SCLS. 23 Two-thirds of these patients had undergone phlebotomy at other institutions despite normal serum erythropoietin levels.
DISCUSSION
The pathogenesis of SCLS remains unclear. Cytokines, leukotrienes, vascular endothelial growth factor (VEGF), and complement have been implicated. A substantial increase in the interleukin 2 receptor-positive peripheral blood M-cell count has been noted during episodes of hyperpermeability. 24 Proteins with weights up to 900 kDa can extravasate, but the exact cause of hyperpermeability remains unknown. Endothelial microvesicular body and bleb formation during attacks is suggestive of endothelial apoptosis; however, attempts to directly link M protein to endothelial damage have been unsuccessful. 25, 26 The appearance of this syndrome in a 17-day-old infant in our series suggests the possibility of intrauterine transfer of soluble mediators or an inherited disorder.
Our cohort included only patients who had spontaneous attacks without a clear etiology. Another term, secondary SCLS, has been coined for similar attacks of generalized vascular hyperpermeability in which the causative factor of SCLS is known. Tumor necrosis factor, interferon-α and β, acitretin, epoprostenol, gemcitabine, interleukin 2, denileukin diftitox, and filgrastim have been implicated in secondary SCLS. [27] [28] [29] [30] [31] Hepatitis C infection and malignancies have also been reported as etiological factors, but none of the patients in our cohort had such illnesses concurrently at the time of initial evaluation. [32] [33] [34] [35] Similarities in age and sex distribution were noted between our cohort and that by Amoura et al. 19 The poor representation of African Americans was likely a reflection of referral bias. Only a few cases have been reported in the pediatric age group thus far, and our study adds another 2, suggesting the rarity of this disease in children. [36] [37] [38] [39] To increase awareness of this disorder, a report on SCLS was recently added to the National Organization of Rare Disorders database. A patient-support Web site (http://www.rareshare.org) has also included SCLS. An increase in the reported cases of SCLS in the past decade could perhaps be attributed to greater awareness among clinicians rather than an increase in its incidence. 3 As underscored by many illustrative cases, delayed diagnosis and misdiagnosis increase patient morbidity and may adversely affect outcome. Protracted lag time (median, 13.5 months) between the onset of symptoms and the establishment of the correct diagnosis was a noteworthy finding in our study.
We used stringent criteria to define patients with SCLS in this series. Coexisting MGUS, warning signs, triggering factors, oliguria with onset of an attack, pulmonary edema, and polyuria in the recruitment phase followed by spontaneous resolution of symptoms are typical features but are not mandatory for making a formal diagnosis.
Although most patients were able to recognize the onset of an attack because of symptom recurrence and similar, if not identical, triggering factors, the severity of the attack was less predictable, making it important for the patient to promptly seek urgent care at the onset of an attack regardless of its severity.
Except for an isolated case of a newborn to a patient with SCLS, family history was noncontributory, a finding that compares well with previous reports. The frequency of attacks varied widely. As in a previously reported case, a subset of patients (8%) was diagnosed as having chronic hyperpermeability, characterized by stable blood pressure, persisting edema (albeit to a lesser degree between the acute flares), and, on occasion, serous effusions. 40 In Clarkson's patient, a clear temporal relationship to the menstrual cycle was established. In our series, only 1 patient had menses-related crises and, unlike previous reports, no attacks were observed in the peripartum period. 41 Preservation of mentation is not uncommon during an SCLS attack. In this series, only 2 patients presented with seizures during crisis, 1 of whom had cerebral edema, a well-documented finding in SCLS. 42 Cerebral hypoperfusion resulted in a stroke in 1 patient. Acute renal failure, noted in nearly half of patients, is a common complication and a consequence of hypotension-related reduced kidney perfusion, acute tubular necrosis, and rhabdomyolysis-related pigmenturia. [43] [44] [45] Tissue salvage (decompression) therapy was required by 3 of the 5 patients who had developed compartment syndrome, a grave complication of SCLS due to massive fluid leakage into the muscle tissue. [46] [47] [48] Acute deep venous thrombosis, which occurred in 8% of patients, perhaps resulted from attack-induced activation of the components of the Virchow triad.
The detection of M protein in most patients (n=19; 76%) may be attributed to the selection bias of the patients referred to our dysproteinemia clinic. However, the results are similar to those of the French study by Amoura et al, 19 wherein all 13 cases reported MGUS (11 of the κ type), and a subsequent review, in which 39 of 50 cases had MGUS (28 of the κ type). 3 It is important to reiterate that the absence of an M-spike does not exclude SCLS. 49, 50 Unlike other PC disorders such as POEMS syndrome (polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and skin changes), which is almost always associated with IgG-λ or IgA-λ, and Schnitzler syndrome (chronic urticarial rash, monoclonal gammopathy, fever, arthralgia, bone pain, and lymphadenopathy), which is associated with IgM monoclonal gammopathy, patients with Clarkson's disease predominantly have IgG-κ or IgA-κ monoclonal gammopathy. 51, 52 In contrast to Schnitzler and POEMS syndromes, the M component does not appear to be a major criterion required for diagnosis of SCLS. 51, 52 The evolution to MM, plasma cell leukemia, and, rarely, systemic amyloidosis has been reported. 2, 6, 53 In our cohort, the rate of transformation was 0.7% per person-year of follow-up, which is comparable to 1% per year reported in MGUS. 54 Surveillance for MM is therefore necessary. Recurrence (or severity) of attacks did not correlate with the size of the M-spike.
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This disorder, particularly the unpredictability of recurrent life-threatening episodes as well as of adverse effects of treatment, took an emotional toll on most patients, some of whom also exhibited overt signs of major depression.
Much has been learned through delineating the distinct "phases" of an attack. During the initial leak phase, cautious volume expansion and central venous pressure monitoring can aid in maintaining adequate perfusion of vital organs. 18 Overaggressive hydration can precipitate pulmonary edema. Corticosteroid therapy can be beneficial during an attack 16, 33, 55 because cytokine-mediated endothelial damage has been implicated. 56 In addition, plasmapheresis 16, 19, 57, 58 and intravenous γ-globulin 19, 50, 59 have proved to be successful in the acute phase. In our study, 1 patient received intravenous immunoglobulin at an outside institution due to IgG2 deficiency before the diagnosis of SCLS was established, and only 1 underwent plasmapheresis.
To date, terbutaline and aminophylline-mediated prophylaxis 17 that increases cyclic adenosine monophosphate or inhibits the intracellular Rho kinase pathway 60 has had the most effect on the maintenance of quiescent periods. 18 Recently, verapamil, 49 leukotriene inhibitors, 61, 62 immunoadsorption, 61 and thalidomide (which possibly acts through tumor necrosis factor α inhibition in M cells) 57 have been used. Endothelial targets such as VEGF have also been exploited. Therapies involving monoclonal antibodies, such as bevacizumab (anti-VEGF) and infliximab (anti-tumor necrosis factor α), have been used with varying success.
63,64
Institution of antimyeloma therapy in patients with SCLS and concomitant MM has reportedly abated subsequent SCLS attacks. 19 However, this observation could not be verified in our cohort because the single patient with both SCLS and MM died shortly after the latter was diagnosed.
The 5-year OS rate of 76% in our cohort reflects an improvement in mortality when compared with previous studies, 16, 19 but the factor that contributes most to this improved outcome has not been definitively identified.
The constraints of studying the natural history and clinical course of a rare disorder are well known. Our study has the usual limitations of a retrospective analysis of selected patients from a tertiary care center with limited follow-up.
CONCLUSION
Although small, our series of patients with SCLS is the largest and most comprehensive series to date and has shed light on several important aspects of this disorder. First, delay in diagnosis and/or misdiagnosis led to increased patient morbidity in our series. Second, the novel finding of correlation between the degree of albumin decrement and rhabdomyolysis could potentially alert physicians to monitor patients closely for this dreaded complication.
Third, the rate of progression to MM was comparable to that of MGUS patients in our study. Fourth, the prognosis of patients in the pediatric age group appears better. Fifth, to facilitate uniform reporting of objective responses to therapy in clinical trials, we have proposed novel response criteria and have successfully reported outcomes using this model. Finally, a sustained complete remission (≥2 years) was noted in nearly a quarter of the patients in our series.
Prompt institution of appropriate therapy as already outlined could reduce morbidity and prevent complications. Prophylactic therapy, although effective to a degree, remains largely empirical. A number of factors, including underrecognition in the medical community and rarity of the syndrome, have precluded analysis by rational clinical trial designs that are necessary to determine more targeted and adequate therapy, beyond the currently available symptomatic management strategies of SCLS, first described almost half a century ago.
